TITLE OF THE INVENTION 

STRETCHABLE CONVEYOR BELT AND 
METHOD OF PRODUCING SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 
[OOOl] The present invention relates to a stretchable 

conveyor belt and a method of producing the stretchable conveyor 
belt, and particularly to a conveyor belt suitable for conveying 
persons such as pedestrians and a method of producing the 
conveyor belt. 

Related Art Statement 
[0002] In a recent aging society, there has been a strong 

demand for barrier-free facilities. 

[0003] A pedestrian overpass having stairs provides a 

barrier to old people. To solve this problem, there has been 
proposed to replace the stairs of the overpass with a curved-path 
pedestrian conveyor belt which can be moved up and down along 
a spirally curved loop path. This conveyor belt will release 
pedestrians from going up and down the stairs. 
[0004] In addition, in a recent speed-up society, there has 

been a demand for conveying pedestrians at a high speed. In 
particular, there has been a strong demand for a variable-speed 
pedestrian conveyor belt which can be moved at variable speeds. 
[0005] At specific locations where pedestrians step onto, 

and off, the variable-speed pedestrian conveyor belt, the conveyor 
belt can be moved at low speeds; and at other locations than those 



specific locations, the conveyor belt can be moved at high speeds. 
Thus, the conveyor belt can convey the pedestrians at increased 
speeds. 

[0006] However, a conventional belt includes a belt- 

reinforcing material, such as a reinforcing canvas sheet or steel 
cords, that is embedded therein to provide a lengthwise tensile 
force thereof. Therefore, the conventional belt has substantially 
no lengthwise stretchability and accordingly cannot be used as 
the above-described curved-path pedestrian conveyor belt or 
variable -speed pedestrian conveyor belt. 

[0007] Figs. 26A and 26B show examples of the 

conventional belt. Fig. 26A shows a belt including tension canvas 
sheets 200, each as a belt-reinforcing material, that are embedded 
therein; and Fig. 26B shows a belt including steel cords 202, each 
as a belt-reinforcing material, that are embedded therein. 
[0008] In those figures, reference numerals 204, 206 and 

208 designate an upper cover rubber, a lower cover rubber, and a 
cushion rubber. 

[0009] When the curved-path pedestrian conveyor belt is 

moved along a curved portion of the loop path, a widthwise inner 
half portion of the conveyor belt needs to contract in a lengthwise 
direction of the belt, and a widthwise outer half portion of the belt 
needs to stretch in the lengthwise direction. However, in the 
conventional conveyor belt, the tension canvas sheets 200 or the 
steel cords 202 as the belt-reinforcing members are embedded in 
the rubber layers such that the canvas sheets 200 or the steel 
cords 202 are extended out and binds the rubber layers in the 



lengthwise direction over the entire width. Thus, the conventional 
belt cannot be moved along the curved portion or portions of the 
loop path. 

[0010] Where the specific locations where pedestrians step 

onto, and off, the variable -speed pedestrian conveyor belt, the 
conveyor belt needs to be stretched out in the lengthwise direction 
over the entire width; and at other locations than those specific 
locations, the conveyor belt needs to be contracted in the 
lengthwise direction over the entire width. However, for the same 
reasons as described above, the conventional belt cannot be 
moved in that manner and accordingly cannot be used as the 
variable -speed pedestrian conveyor belt. 

[0011] While the problems of the pedestrian conveyor belts 

have been described above, those problems commonly occur to the 
curved-path conveyor belts and the variable-speed conveyor belts. 
[0012] Thus, a curved-path or variable-speed conveyor belt 

needs to be formed such that widthwise opposite side portions of 
the belt have a lengthwise stretchability or such that an entire 
width of the belt has a lengthwise stretchability. However, there 
remains the problem of how to form the conveyor belt. 

SUMMARY OF THE INVENTION 

[0013] It is therefore an object of the present invention to 

provide a stretchable conveyor belt and a method of producing the 
same, each of which is free of the above -de scribed problems, 
[0014] The above object has been achieved by each of the 

following features of the present invention: 
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[0015] (l) A stretchable conveyor belt having 

at least one of (a) a plurality of first cuts which 
extend in a widthwise direction of the belt, which extend from one 
of opposite surfaces of the belt toward the other surface thereof 
and do not reach the other surface, and which are provided at a 
regular interval of distance in a lengthwise direction of the belt, 
and (b) a plurahty of second cuts which extend in the widthwise 
direction of the belt, which extend from the other surface of the 
belt toward the one surface thereof and do not reach the one 

^ surface, and which are provided at a regular interval of distance 

C in the lengthwise direction of the belt, 

ir wherein the at least one of (a) the first cuts and (b) 

1,= the second cuts provide a stretchabihty of the belt. 

[0016] According to the first feature, the conveyor belt has 

the cuts, each extending in its widthwise direction, at a 

g predetermined interval of distance in its lengthwise direction. 
Those cuts can enhance the lengthwise stretchability of the belt. 

^'J [0017] For example, in the case where the conveyor belt has 

the cuts in its widthwise opposite side portions, the cuts can 
enhance the stretchability of the widthwise opposite side portions 
of the belt. Thus, the conveyor belt can be advantageously used as 
a curved-path conveyor belt which is moved or circulated along a 
curved loop path. 

[0018] In addition, in the case where the conveyor belt has 

the cuts over its entire width, the cuts can enhance the 
lengthwise stretchabihty of the belt over its entire width. 
[0019] In the latter case, the conveyor belt can be 
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advantageously used as not only a curved-path conveyor belt but 
also a variable-speed conveyor belt. 

[0020] Even in the case where the conveyor belt has the 

cuts in its widthwise opposite side portions only, a widthwise 
central portion of the belt may have a stretchability owing to an 
elasticity of rubber. In this case, the conveyor can be used as a 
curved-path conveyor belt which can be moved along a more 
sharply curved portion of the loop path, or alternatively as a 
variable -speed conveyor belt. 
^ [0021] However, the conveyor belt may employ, in place of 

p the cuts, other sorts of means for enhancing the stretchability of 
the belt. In the latter case, too, the conveyor belt can enjoy the 
same advantages as described above. 

[0022] Either in the case where the conveyor belt has the 

C enhanced stretchability in its widthwise opposite side portions 
C only, or in the case where the conveyor belt has the enhanced 

l5 stretchabihty over its substantially entire width, the belt may be 

stretched or lengthened by 10 percent or more. That is, the length 

of the belt being stretched may be 1.1 times or more longer than 

the original length of the belt. 

[0023] More preferably, the conveyor belt may be stretched 

by 50 percent or more, by 80 percent or more, by 100 percent or 
more, and most preferably by 150 percent or more. The upper 
limit of stretching of the conveyor belt may be 300 percent. 
[0024] (2) A stretchable conveyor belt according to the 

first feature (l), having both (a) the first cuts and (b) the second 
cuts, wherein the first cuts and the second cuts are alternate with 



each other in the lengthwise direction of the belt. 

[0025] According to this feature, the conveyor belt enjoys a 

higher lengthwise stretchability than that of the conveyor belt 

having either the first or second cuts only. 

[0026] (3) Astretchable conveyor belt having 

a plurahty of recesses which extend in a widthwise 
direction of the belt, which extend from one of opposite surfaces of 
the belt toward the other surface thereof, and which are provided 
at a regular interval of distance in a lengthwise direction of the 
belt, 

wherein the recesses provide a stretchability of the 

belt. 

[0027] According to this feature, the recesses can enhance a 

lengthwise stretchability of the conveyor belt. 
[0028] In the case where the conveyor belt has the recesses 

in its widthwise opposite side portions, those recesses can 
enhance the stretchabOity of the widthwise side portions of the 
belt. Therefore, the conveyor belt can be advantageously used as a 
curved-path conveyor belt. 

[0029] In addition, in the case where the conveyor belt has 

the recesses in its substantially entire width, those recesses can 
enhance the stretchabihty of the belt over its entire width. 
Therefore, the conveyor belt can be advantageously used as not 
only a curved-path conveyor belt but also a variable-speed 
conveyor belt. 

[0030] (4) Astretchable conveyor belt, comprising: 

an upper layer; 
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a lower layer,' and 

an intermediate portion located between the upper 
and lower layers, 

wherein at least one of the upper layer and the lower 
layer is integrally formed over an entire width of the belt, 

wherein the intermediate portion has a pluraUty of 
voids which extend in a widthwise direction of the belt and are 
provided at a regular interval of distance in a lengthwise direction 
of the belt, and 

wherein the voids provide a stretchabihty of the 
conveyor belt. 

[0031] According to this feature, the voids can enhance the 

l~ lengthwise stretchability of the conveyor belt. 

[0032] In the case where the conveyor belt has the voids in 

its widthwise opposite side portions, those voids can increase the 

[-£ stretchability of the widthwise opposite side portions of the belt. 

^ Thus, the conveyor belt can be advantageously used as a curved- 
path conveyor belt (see the eleventh feature (ll)). 
[0033] In addition, in the case where the conveyor belt has 

the voids in its substantially entire width, the belt can be 
advantageously used as a variable-speed conveyor belt (see the 
twelfth feature (12)). 

[0034] The conveyor belt according to the fourth feature (4) 

may be produced as follows- 

[0035] First, the upper and lower layers of the conveyor belt 

are formed separately from each other, such that the upper layer 
has, in a lower surface thereof, respective upper portions of the 



voids and the lower layer has, in an upper surface thereof, 
respective lower portions of the voids, and then the upper and 
lower layers are superposed on, and fixed to, each other to provide 
the conveyor belt having the voids in the intermediate portion 
thereof as seen in the direction of thickness thereof (see the 
twenty third feature (23)). 

[0036] Thus, the conveyor belt having the voids in its 

thicknesswise intermediate portion can be easily produced. 
[0037] (5) A stretchable conveyor belt having 

at least one void which is provided in an 
intermediate portion of the belt as seen in a direction of thickness 
thereof, which extends in a widthwise direction of the belt, and 
which is gradually widened in at least one direction toward at 
least one of widthwise opposite ends of the belt, and 

wherein the void provides a stretchabiUty of the 
conveyor belt. 

[0038] According to this feature, the one or more voids that 

are provided in the thicknesswise intermediate portion of the 
conveyor belt are so shaped as to be gradually widened in one 
direction or opposite directions toward one or both of widthwise 
opposite ends of the belt. This specific shape of the void or voids 
can increase the lengthwise stretchabihty of the conveyor belt in 
the one direction or the opposite directions toward the one or both 
of the widthwise opposite ends of the belt. 

[0039] The conveyor belt according to this feature can be 

advantageously used as a curved-path conveyor belt which can be 
moved along a curved loop path including a curved portion having 
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a small radius of curvature. That is, the present conveyor belt can 
be moved along a sharply curved portion of the loop path. 
[0040] In the case where the conveyor belt has the void or 

voids in its substantially entire width, the conveyor belt can be 
used as a variable -speed conveyor belt. 

[0041] (6) A stretchable conveyor belt according to the 

fourth or fifth feature (4) or (5), further comprising at least one 
pair of first and second flexible reinforcing threads which extend 
in the lengthwise direction of the belt, and which include a 
plurality of first curved or bent portions and a pluraUty of second 
curved or bent portions, respectively, in the lengthwise direction, 
such that the first curved or bent portions and the second curved 
or bent portions have opposite phases, respectively, and are 
turned around the voids, respectively. 

[0042] According to this feature, the reinforcing threads can 

prevent the conveyor belt from being excessively stretched in its 
lengthwise direction over a certain limit, thereby preventing the 
belt from being damaged or broken because of the excessive 
stretching. 

[0043] (7) A stretchable conveyor belt comprising 

a flexible belt-reinforcing material which extends in 
a lengthwise direction of the belt and includes a plurahty of 
curved or bent portions in the lengthwise direction, 

wherein the curved or bent portions of the belt- 
reinforcing material provide a stretchability of the conveyor belt. 
[0044] According to this feature, the shape of the curved or 

bent portions of the belt-reinforcing material can assure the 
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lengthwise stretchability of the conveyor belt. 
[0045] In the case where the conveyor belt has, in each of its 

widthwise opposite side portions, the belt-reinforcing material 
including a plurality of curved or bent portions in the lengthwise 
direction of the belt, the belt-reinforcing material can increase the 
lengthwise stretchability of the each of the widthwise opposite 
side portions of the belt. Thus, the conveyor belt can be used as a 
curved-path conveyor belt. 

[0046] In addition, in the case where the conveyor belt has 

f«i belt-reinforcing material in its substantially entire width, the 

belt can be used as a variable-speed conveyor belt. 
P [0047] According to the seventh feature (7), the belt- 

P reinforcing material can function, when being stretched out with 

the conveyor belt, as a stopper which can prevent the belt from 
13 being excessively stretched over a certain limit. 
13 [0048] (8) A stretchable conveyor belt according to the 

p seventh feature (7), wherein the belt-reinforcing material extends 

over a substantially entire width of the belt except for widthwise 

opposite margin rubber portions of the belt. 

[0049] According to this feature, the conveyor belt can be 

produced with higher efficiency. 

[0050] (9) A stretchable conveyor belt according to the 

seventh or eighth feature (7) or (8), wherein the belt-reinforcing 
material is embedded in an intermediate portion of the belt as 
seen in a direction of thickness thereof. 

[0051] (lO) A stretchable conveyor belt according to any 

one of the seventh to ninth features (7) to (9), wherein the belt- 
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reinforcing material comprises a tension canvas sheet. 

[0052] (11) A stretchable conveyor belt according to any 

one of the first to tenth features (l) to (lO), wherein the belt has 

the strechabUity in at least widthwise opposite side portions 

thereof. 

[0053] (12) A stretchable conveyor belt according to any 

one of the seventh to tenth features (l) to (lO), wherein the belt 
has the strechability over a substantially entire width thereof 
[0054] (13) A stretchable conveyor belt according to the 

eleventh or twelfth features (ll) or (12), wherein the belt has a 
higher strechabihty in the widthwise opposite side portions 
thereof, than a strechabihty in a widthwise central portion 
thereof. 

[0055] According to this feature, the conveyor belt can be 

advantageously used as a curved-path conveyor belt. In the case 
where the conveyor belt has some lengthwise stretchabihty also 
in its widthwise central portion, the conveyor belt can also be 
used as a variable -speed conveyor belt. 
[0056] (14) A stretchable conveyor belt comprising 

a tension canvas sheet which is provided in a 
widthwise central portion of the belt to reinforce the belt, and 
which binds the widthwise central portion of the belt such that 
the widthwise central portion is not stretchable in a lengthwise 
direction of the belt, 

wherein the tension canvas sheet is not provided in 
widthwise opposite side portions of the belt, so that the widthwise 
opposite side portions of the belt have a stretchability. 



- 12 - 



[0057] According to this feature, only the widthwise 

opposite side portions of the conveyor belt have some 
stretchability. Thus, the conveyor belt can be advantageously 
used as a curved-path conveyor belt. 

[0058] (15) A stretchable conveyor belt according to any 

one of the first to fourteenth features (l) to (14), further 
comprising a pluraUty of transverse rigid plates which extend in 
the widthwise direction of the belt and are provided at a regular 
interval of distance in the lengthwise direction of the belt, 
wherein the transverse rigid plates provide a transverse rigidity 

O of the belt. 

D 

P [0059] According to this feature, the transverse rigid plates 

p can provide a transverse or widthwise rigidity of the conveyor belt, 
SJ without lowering the lengthwise stretchabiUty of the belt. 
P [0060] Therefore, for example, in the case where the 

widthwise opposite end portions of the conveyor belt are 
^ supported by respective rollers, the transverse rigid plates can 
'^^ effectively prevent the widthwise central portion of the belt from 

sagging downward. 

[0061] In addition, the transverse rigid plates can prevent 

the conveyor belt from contracting in its widthwise direction. 
[0062] The reason for the transverse rigid plates to be able 

to prevent the widthwise contraction of the conveyor belt is that 
the rigid plates are integrally formed (e.g., upon vulcanization of 
rubber) and, when the belt is stretched in a direction of movement 
thereof (i.e., in its lengthwise direction), the rigid plates prevent 
the belt from contracting in its widthwise direction, while 



■ 13- 



assiiring that the belt maintains its constant width. 
[0063] (16) A stretchable conveyor belt according to any 

one of the first to fourteenth features (l) to (14), further 
comprising a pluraUty of transverse rigid members which provide 
at least two layers that extend in the widthwise direction of the 
belt and are spaced from each other in a direction of thickness of 
the belt, wherein the transverse rigid members provide a 
transverse rigidity of the belt. 

[0064] According to this feature, the conveyor belt enjoys a 

high transverse rigidity and accordingly a high load- supporting 
y capabihty. 

n [0065] (17) A stretchable conveyor belt according to the 

Ij sixteenth feature (16), wherein the transverse rigid members 
H comprise a plurality of wires. 

f3 [0066] Alternatively, it is possible to employ both 

W 

Ej transverse rigid plates and wires which extend in the widthwise 
Ij direction of the conveyor belt and provide a transverse rigidity of 
the belt. 

[0067] In the case where the widthwise opposite end 

portions of the conveyor belt according to the present invention 
are supported by respective rollers, the widthwise opposite end 
portions may have, in their lower surfaces, cuts or recesses that 
provide the stretchability of the belt. 

[0068] However, the above-described conveyor belt has the 

problem of producing abrupt vertical vibration or impact when 
the cuts or the recesses overcome the rollers. Hence, the following 
eighteenth feature (18) may be employed. 
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[0069] (18) Astretchable conveyor belt comprising 

widthwise opposite end portions which are adapted 
to be supported by respective rollers and each of which has at 
least one void in an intermediate portion thereof as seen in a 
direction of thickness thereof, wherein the void provides a 
stretchability of the each of the widthwise opposite end portions of 
the belt; and 

a plurality of wires which provide at least one layer 
on at least a lower side of the void of the each of the widthwise 
opposite end portions of the belt, wherein the wires provide a 
transverse rigidity of the belt. 

[0070] According to this feature, the void or voids increase 

the lengthwise stretchabihty of the widthwise opposite end 
portions of the conveyor belt, and additionally prevent the belt 
from producing abrupt vertical vibration or impact when the belt 
runs over the rollers. Thus, the belt can be smoothly moved over 
the rollers. 

[0071] In addition, since the wires in the form of one or 

more layers are provided below the void or voids, the roUers can 
effectively support the widthwise opposite end portions of the 
conveyor belt, in spite of the presence of the void or voids. Thus, 
the conveyor belt enjoys a high load- supporting capability. 
[0072] (19) A stretchable conveyor belt according to the 

eighteenth feature (18), wherein the conveyor belt has, in each of 
respective lower surfaces of respective portions of the belt that are 
nearer than the respective voids of the widthwise opposite side 
portions of the belt, to a widthwise central portion of the belt, a 
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plurality of recesses which extend in the widthwise direction of 
the belt and are provided at a regiilar interval of distance in the 
lengthwise direction of the belt, and wherein the recesses 
cooperate with the voids to provide a stretchability of the belt. 
[0073] According to this feature, the widthwise opposite 

side portions of the conveyor belt enjoys a high stretchability. 
[0074] (20) A stretchable conveyor belt according to the 

eighteenth or nineteenth features (18) or (19), wherein a 
widthwise central portion of the belt has a stretchability owing to 
an elasticity of rubber. 

[0075] According to this feature, the lengthwise 

stretchability of the widthwise central portion of the conveyor belt 
contributes to enabling the widthwise opposite side portions of 
the belt to be stretched or contracted by a great mount. Therefore, 
even in the case where the conveyor belt is moved or circulated 
along a considerably sharply curved portion of the loop path, the 
belt can adequately follow the sharp curving of the loop path. 
[0076] In addition, the stretchability of the widthwise 

central portion of the conveyor belt assures that the belt can be 
used as a variable -speed conveyor belt. Moreover, the 
stretchability of the widthwise central portion of the conveyor belt 
assures that the belt can be used as a curved-path and variable - 
speed conveyor belt. 

[0077] (21) A stretchable conveyor belt according to any 

one of the first to twentieth features (l) to (20), for use as a person 
conveyor belt for conveying at least one person. 
[0078] (22) A stretchable conveyor belt according to any 



- 16- 



one of the first to twenty-first features (l) to (21), wherein the 
stretchable conveyor belt comprises a circulateable endless belt, 
and an endless chain which is fixed to a back surface of the 
endless belt, such that the endless chain extends in a lengthwise 
direction of the endless belt and transmits a drive force produced 
by a drive device. 

[0079] This stretchable conveyor belt can be preferably 

used as a curved- path conveyor belt. 

[0080] In this case, since the belt is driven via the chain 

fixed to the bacli surface of the belt, the belt can be rehably driven 
and circulated while smoothly following a curved portion of a 
curved path. 

[0081] For example, in the case where belt pulleys which 

are commonly used to drive belts are used to drive a conveyor belt, 
the conveyor belt may slide on the belt pulleys. In contrast thereto, 
since the present conveyor belt is driven via the chain fixed to the 
belt, the drive force produced by the drive device can be surely 
transmitted to the belt, without sHding of the belt, so that the belt 
can be smoothly moved. 

[0082] Thus, the present conveyor belt can be preferably 

used as a pedestrian conveyor belt. 

[0083] (23) A method of producing a stretchable conveyor 

belt according to the fourth feature (4), the method comprising the 
steps of- 

forming the upper and lower layers separately from 
each other, such that the upper layer has, in a lower surface 
thereof, respective upper portions of the voids and the lower layer 
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has, in an upper surface thereof, respective lower portions of the 
voids, and 

superposing, and fixing, the upper and lower layers 
on, and to, each other to provide the conveyor belt having the 
voids in the intermediate portion thereof as seen in the direction 
of thickness thereof. 

[0084] (24) A method of producing a stretchable conveyor 

belt according to the fourth feature (4), the method comprising the 
steps of 

forming the conveyor belt with a plurality of bar 
members being embedded therein, and 

pulling the bar members out of the conveyor belt to 
form, in the belt, the voids corresponding to the bar members. 
[0085] This conveyor belt having the voids in its 

thicknesswise intermediate portion can be easily produced. 
[0086] When the voids are formed using the bar members 

according to this feature, the upper and lower layers may be 
integrally formed with each other. In the latter case, too, the voids 
can be easily formed in its thicknesswise intermediate portion of 
the belt. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0087] The above and optional objects, features, and 

advantages of the present invention will be better understood by 
reading the following detailed description of the preferred 
embodiments of the invention when considered in conjunction 
with the accompanying drawings, in which: 
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Fig. 1 is an illustrative view of a pedestrian 
conveying apparatus including a curved-path conveyor belt, to 
which the present invention is applied; 

Fig. 2A is a partly cross-sectioned, perspective view 
showing the conveyor belt of Fig. 1 that is before cuts are formed 
therein; 

Fig. 2B is a partly cross -sectioned, perspective view 
showing the conveyor belt of Fig. 1 that has the cuts formed 
therein; 

Fig. 2C is a longitudinal cross- sectional view 
showing the conveyor belt of Fig. 1 that is stretched out in its 
lengthwise direction; 

Fig. 3A is a partly cross- sectioned, perspective view 
showing another conveyor belt as a second embodiment of the 
present invention; 

Fig. 3B is a perspective view for explaining a manner 
in which the conveyor belt of Fig. 3A is produced; 

Fig. 4A is a longitudinal cross -sectional view 
showing another conveyor belt as a third embodiment of the 
present invention; 

Fig. 4B is a transverse cross- sectional view of the 
conveyor belt of Fig. 4A; 

Fig. 4C is a partly cross-sectioned, perspective view 
of the conveyor belt of Fig, 4A; 

Fig. 5 A is a longitudinal cross -sectional view of a 
portion of the conveyor belt of Fig. 4A; 

Fig. 5B is a perspective view of a round bar that is 
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used to produce the conveyor belt of Fig. 4A; 

Fig. 6A is a longitudinal cross-sectional view for 
explaining a manner in which the conveyor belt of Fig. 4A is 
produced; 

Fig. 6B is a transverse cross-sectional view for 
explaining the manner in which the conveyor belt of Fig. 4A is 
produced; 

Fig. 6C is a partly cross-sectioned, perspective view 
for explaining the manner in which the conveyor belt of Fig. 4A is 
produced; 

Fig. 7A is a longitudinal cross- sectional view 
showing another conveyor belt as a fourth embodiment of the 
present invention; 

Fig. 7B is a perspective view of a rectangular bar 
that is used to produce the conveyor belt of Fig. 7A; 

Fig. 8A is a longitudinal cross -sectional view 
showing another conveyor belt as a fifth embodiment of the 
present invention; 

Fig. 8B is a perspective view of an elliptic bar that is 
used to produce the conveyor belt of Fig. 8A; 

Fig. 9A is a longitudinal cross-sectional view 
showing another conveyor belt as a sixth embodiment of the 
present invention; 

Fig. 9B is a perspective view of a hexagonal bar that 
is used to produce the conveyor belt of Fig. 9A; 

Fig. lOA is a longitudinal cross-sectional view 
showing a first step of a manner in which another conveyor belt 
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as a seventh embodiment of the present invention is produced; 

Fig. lOB is a longitudinal cross-sectional view 
showing a second step of a manner in which the conveyor belt of 
Fig. lOA is produced; 

Fig. 11 A is a longitudinal cross -sectional view 
showing another conveyor belt as an eighth embodiment of the 
present invention; 

Fig. IIB is a transverse cross-sectional view of the 
conveyor belt of Fig. 11 A; 

Fig. lie is a partly cross-sectioned, perspective view 
of the conveyor belt of Fig. 11 A; 

Fig. 12Ais a transverse cross-sectional view showing 
another conveyor belt as a ninth embodiment of the present 
invention; 

Fig. 12B is a longitudinal cross-sectional view of the 
conveyor belt of Fig. 12 A; 

Fig. 13Ais a transverse cross-sectional view showing 
another conveyor belt as a tenth embodiment of the present 
invention; 

Fig. 13B is a longitudinal cross-sectional view of the 
conveyor belt of Fig. 13A; 

Fig. 14A is a longitudinal cross-sectional view 
showing another conveyor belt as an eleventh embodiment of the 
present invention; 

Fig. 14B is a transverse cross -sectional view of the 
conveyor belt of Fig. 14A; 

Fig. 14C is a partly cross-sectioned, perspective view 
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of the conveyor belt of Fig. 14A; 

Fig. 15 is a transverse cross -sectional view showing 
another conveyor belt as a twelfth embodiment of the present 
invention; 

Fig. 16Ais a transverse cross-sectional view showing 
another conveyor belt as a thirteenth embodiment of the present 
invention; 

Fig. 16B is a partly cross-sectioned, perspective view 
of the conveyor belt of Fig. 16A; 

Fig. 17A is a perspective view of a pair of bar 
C members that are used to produce the conveyor belt of Fig. 16A; 

Fig. 17B is a perspective view of another pair of bar 
l^rj members that are used to produce a modified form of the conveyor 
beltof Fig. 16A; 

p Fig. 18 is a transverse cross-sectional view showing 

^ another conveyor belt as a fourteenth embodiment of the present 

!rf invention; 

to 

W Fig. 19A is a longitudinal cross -sectional view 

showing another conveyor belt as a fifteenth embodiment of the 
present invention; 

Fig. 19B is a transverse cross -sectional view of the 
conveyor belt of Fig. 19 A; 

Fig. 20 is a transverse cross-sectional view showing 
another conveyor belt as a sixteenth embodiment of the present 
invention; 

Fig. 21 A is an enlarged, transverse cross-sectional 
view of a portion of the conveyor belt of Fig. 20; 
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Fig. 21B is an enlarged, transverse cross -sectional 
view of another portion of the conveyor belt of Fig. 20; 

Fig. 22A is an enlarged, side elevation view of the 
conveyor belt of Fig. 20; 

Fig. 22B is an enlarged, longitudinal cross -sectional 
view of a first portion of the conveyor belt of Fig. 20; 

Fig. 22C is an enlarged, longitudinal cross-sectional 
view of a second portion of the conveyor belt of Fig. 20; 

Fig. 22D is an enlarged, longitudinal cross-sectional 
view of a third portion of the conveyor belt of Fig. 20; 

Fig. 23 is a partly cut away, and partly cross- 
sectioned, view of the conveyor belt of Fig. 20; 

Fig. 24A is a transverse cross-sectional view showing 
another conveyor belt as a seventeenth embodiment of the 
present invention; 

Fig. 24B is a longitudinal cross -sectional view 
showing the conveyor belt of Fig. 24A; 

Fig. 25 is a view for explaining a manner in which 
the conveyor belt of Fig. 24A is produced; 

Fig. 26A is a partly cross-sectioned, perspective view 
of a conventional conveyor belt; and 

Fig. 26B is a transverse cross-sectional view of a 
portion of the conventional conveyor belt of Fig. 26A. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0088] Hereinafter, there will be described a preferred 

embodiment of the present invention in detail by reference to the 
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drawings. The present embodiment relates to a conveyor belt for 
conveying pedestrians. 

[0089] In Fig. 1, reference numeral 10 designates a curved- 

path-type pedestrian conveying apparatus which is used in place 
of winding staircases of a pedestrian overpass. The conveying 
apparatus 10 includes a conveyor belt 12 (hereinafter, 
abbreviated to the "belt") which is moved along a curved loop 
path. 

[0090] The belt 12 starts with a lower station 14A, winds up 

from the lower station 14A to an upper station 14B, and then 
winds down from the upper station 14B to the lower station 14A. 

P The belt 12 circulates along this curved loop path, while 
conveying one or more pedestrians from the lower station 14A to 

K the upper station 14B, and from the upper station 14B to the 
lower station 14A. 

ll^ [0091] A chain is fixed to a back surface of the belt 12, and a 

p| sprocket 18 is engaged with the chain. When the sprocket 18 is 

f ° 

' rotated, the belt 12 is driven. However, this is just an example of a 
chain- drive device. 

[0092] In Fig. 1, reference numerals 16 designate pulleys. 

In addition, symbol "W" represents a width of the belt 125 and 
symbol "R" represents a radius of curvature of the belt 12. 
[0093] Figs. 2A, 2B, and 2C show a preferred example of the 

curved-path conveyor belt 12. As shown in the figures, the belt 12 
is provided by a rubber layer 20, and a canvas sheet 22 fixedly 
attached to a lower surface of the rubber layer 20. 
[0094] This belt 12 has a plurahty of cuts 24a, 24b at a 
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regular interval of distance in a lengthwise direction thereof, such 
that the upper cuts 24a and the lower cuts 24b are alternate with 
each other and such that each of the cuts 24a, 24b extends over an 
entire width of the belt 12. 

[0095] Each of the upper cuts 24a extends from the upper 

surface of the belt 12 toward the lower surface thereof and each 
of the lower cuts 24b extends from the lower surface of the belt 12 
toward the upper surface thereof. 

[0096] However, as shown in Figs. 2B and 2C, the upper 

cuts 24a are not through-cuts, i.e., do not reach the lower surface 
of the belt 12; and the lower cuts 2b are not through-cuts, either, 
i.e., do not reach the upper surface of the belt 12. 
[0097] The canvas sheet 22 is cut off by the lower cuts 24b 

into short lengths in the lengthwise direction of the belt 12. Thus, 
the canvas sheet 22 does not function as a reinforcing member 
which reinforces the belt 12 in its lengthwise direction. 
[0098] The belt 12 is stretchable in its lengthwise direction, 

because of an elasticity of the rubber layer 20, and the cuts 24a, 
24b formed at the regular interval of distance in the lengthwise 
direction enhance the lengthwise stretchabiUty of the belt 12 over 
its entire width. 

[0099] Fig. 2C shows the belt 12 stretched in its lengthwise 

direction. 

[0100] As shown in the figure, the belt 12 can be largely 

stretched in its lengthwise direction, owing to the cuts 24a, 24b. 
[0101] This belt 12 can be stretched in its lengthwise 

direction to an extent, when it breaks, that the belt 12 is about 2.5 
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times longer than its original length. 

[0102] Since the cuts 24a, 24b extend over the entire width 

of the belt 12, the belt 12 has the stretchability over its entire 
width. In addition, since the cuts 24a, 24b are formed at the 
regular interval of distance in the lengthwise direction of the belt 
12, the belt 12 has a uniform stretchabiUty in its lengthwise 
direction. 

[0103] Therefore, this belt 12 can be preferably used as not 

only the curved-path conveyor belt but also a variable-speed 
conveyor belt. 

[0104] In Fig. 2A, reference numeral 12A designates an 

initial belt 12 before the cuts 24a, 24b are formed therein. In this 
belt 12A, the canvas sheet 22 is continuous in the lengthwise 
direction of the belt 12. 

[0105] The provision of the canvas sheet 22 facilitates the 

continuous formation of the initial belt 12A. 

[0106] When the cuts 24a, 24b are formed in the initial belt 

12A, the canvas sheet 22 is cut off into short lengths. At that time, 
the canvas sheet 22 loses its conventional function as the 
reinforcing member that reinforces the belt in use. 
[0107] Thus, basically, only the rubber layer 20 gives the 

belt 12 its essential function as the pedestrian conveying belt. 
[0108] In the case where this belt 12 is employed in the 

pedestrian conveying apparatus 10 shown in Fig. 1, the chain is 
attached to the widthwise central portion of the back surface of 
the belt 12, and the sprocket 18 is engaged with the chain and is 
driven. 
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[0109] This is the case with each of the following 

embodiments. 

[0110] When this belt 12 moves along a curved portion of 

the loop path shown in Fig. 1, an inside portion of the belt 12 
contracts in the lengthwise direction of the belt 12 while an 
outside portion of the belt 12 stretches in the same direction. 
Thus, the belt 12 as a whole can smoothly move along the curved 
loop path while adequately following large and small curvatures 
of the loop path. 

[0111] In addition, since the upper and lower cuts 24a, 24b 

are alternate with each other in the lengthwise direction of the 
belt 12, the belt 12 as a whole can enjoy a higher lengthwise 
stretchability than that of a belt which has either the upper cuts 
24a or the lower cuts 24b only. 

[0112] Figs. 3A and 3B show another preferred embodiment 

of the present invention. This embodiment relates to a belt 12 
including a rubber layer 20, and a tension canvas sheet 28 as a 
flexible belt-reinforcing material that is fixedly attached to a 
lower surface of the rubber layer 20 over an entire width of the 
same 20. 

[0113] The rubber layer 20 has, in its lower surface, a 

plurality of recesses 26 which extend over the entire width of the 
layer 20 and are formed at a regular interval of distance in a 
lengthwise direction of the layer 20. The recesses 26 enhance a 
lengthwise stretchability of the rubber layer 20. 
[0114] The tension canvas sheet 28 is fixedly attached to 

the lower surface of the rubber layer 20, along the recesses 26 of 
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the lower surface, and, when the belt 12 is stretched in its 
lengthwise direction, the canvas sheet 28 is also stretched in its 
lengthwise direction because respective portions of the canvas 
sheet 28 that are bent along the recesses 26 are stretched. 
[0115] Thus, the recesses 26 enhance the lengthwise 

stretchability of the belt 12, and the canvas sheet 28, repetitively 
bent in its lengthwise direction, assures the lengthwise 
stretchability of the belt 12. 

[0116] The tension canvas sheet 28 is stretched out in its 

lengthwise direction, and accordingly cannot be stretched any 
longer, when the rubber layer 20 is stretched in its lengthwise 
direction by a certain amount. 

[0117] Thus, the tension canvas sheet 28 also functions as a 

stopper which prevents the belt 12 from being stretched too much 
in its lengthwise direction. 

[0118] As illustrated in Fig. 3B, this belt 12 can be easily 

produced using a metal mold 32 having a plurality of projections 
30 at a regular interval of distance in its lengthwise direction. 
[0119] This belt 12 has the full-width recesses 26 at the 

regular interval in its lengthwise direction, and additionally has 
the full-width canvas sheet 28. Thus, this belt 12 has a lengthwise 
stretchability over its entire width, and has a uniform 
stretchabihty in its lengthwise direction. 

[0120] Therefore, this belt 12 can be preferably used as not 

only the curved-path conveyor belt but also the variable-speed 
conveyor belt. 

[0121] Figs. 4A, 4B and 4C show another preferred 
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embodiment of the present invention. This embodiment relates to 
a belt 12 including an upper layer and a lower layer that are 

integrally formed with each other. 

[0122] More specifically described, the belt 12 has, in a 

thicknesswise intermediate portion thereof, i.e., in an 
intermediate portion of a rubber layer 20, a plurahty of voids 34 
which have a circular cross section, which extend over an entire 
width of the layer 20, and which are formed at a regular interval 
of distance in a lengthwise direction of the layer 20. The voids 34 
enhance a lengthwise stretchabiHty of the belt 12. 

1^ 

□ [0123] Reinforcing threads (canvas threads) 36 as flexible 

Q 

1% belt-reinforcing members are embedded in the rubber layer 20, 
f ^ such that the reinforcing threads 36 are curved, like wave, along 
the voids 34. 

L [0124] More specifically described, the reinforcing threads 

p 36 include a first group of reinforcing threads 36a, and a second 
J;j group of reinforcing threads 36b having a phase opposite to that 
r~- of the first group of threads 36a, and the first and second groups 
of threads 36a, 36b are embedded in the rubber layer 20, as 
shown in Fig. 5A, such that, around each of the voids 34 provided 
at the regular interval in the lengthwise direction, each group of 
threads are turned. Thus, the two groups of reinforcing threads 
36a, 36b are repetitively curved in the lengthwise direction of the 
rubber layer 20. 

[0125] Reference numerals 38 denote ridges which extend, 

on the upper surface of the belt 12, in the lengthwise direction of 
the belt 12. The ridges 38 are formed at a regular interval in the 
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widthwise direction of the belt 12 over the entire width of the 
same 12. 

[0126] Reference numerals 40 denote rigid plates which are 

embedded in the lower surface of the belt 12. 
[0127] The voids 34 enhance the stretchabihty of the belt 12 

over its entire width, and provide a lengthwise uniform 
stretchability of the belt 12. In addition, the shape of curving of 
the reinforcing threads 36 embedded in the rubber layer 20 
assures the lengthwise stretchability of the belt 12. 
[0128] The reinforcing threads 36 are stretched out in their 

lengthwise direction, and accordingly cannot be stretched any 
longer, when the rubber layer 20 is stretched in its lengthwise 
direction by a certain amount. Thus, the reinforcing threads 36 
also function as a stopper which prevents the belt 12 from being 
excessively stretched in its lengthwise direction, or being 
damaged or broken because of the excessive stretching. 
[0129] Thus, this belt 12 can be preferably used as not only 

the curved-path conveyor belt but also the variable-speed 
conveyor belt. 

[0130] The belt 12 having the voids 34 in its thicknesswise 

intermediate portion can be easily produced, using round bars 
(bar members) 42, shown in Fig. 5B, that have a shape 
corresponding to that of the voids 34, as illustrated in Figs. 6A, 
6B, and 6C. More specifically described, first, the round bars 36 
are arranged at a regular interval of distance, then the first and 
second groups of reinforcing threads 36a, 36b having the opposite 
phases are sequentially turned around each of the round bars 42, 
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and subsequently a rubber layer 20 including upper and lower 
layers that sandwich the round bars 36 and the reinforcing 
threads 36 is integrally vulcanized. Thus, an initial belt 12A is 
obtained. Then, the round bars 42 are pulled out of the belt 12A, 
and a belt 12 as an end product is obtained. 

[0131] Even a belt body in an unvulcanized state can be 

drawn into a vulcanizing step, using the reinforcing threads 36, 
without additionally employing a canvas sheet for the drawing 
operation. Thus, the belt 12 can be obtained in a continuous 
vulcanizing process. 

[0132] The voids 34 may be formed in other appropriate 

shapes. For example, as shown in Figs. 7A and 7B, rectangular 
bars (bar members) 44 each having a rectangular cross section 
may be used to produce a belt 12 having voids 34 each having a 
rectangular cross section. Alternatively, as shown in Figs. 8A and 
8B, elliptic bars (bar members) 46 may be used to produce a belt 
12 having voids 34 each having an elliptic cross section. 
[0133] Otherwise, as shown in Figs. 9A and 9B, hexagonal 

bars (bar members) 48 may be used to produce a belt 12 having 
voids 34 each having a hexagonal cross section. Moreover, the 
voids 34 may be formed to have any appropriate polygonal cross- 
sectional shape or any appropriate non-polygonal cross -sectional 
shape. 

[0134] Figs. lOA and lOB show another preferred 

embodiment of the present invention. 

[0135] This embodiment relates to a belt 12 including a 

rubber layer 20, and a tension canvas sheet 28 as a belt- 
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reinforcing material that is embedded in the rubber layer 20 (i.e., 
a thicknesswise intermediate portion thereof). The tension canvas 
sheet 28 is repetitively curved, hke wave, in a lengthwise 
direction of the rubber layer 20. The shape of curving of the 
canvas sheet 28 assures a lengthwise stretchabihty of the belt 12. 
[0136] The tension canvas sheet 28 is embedded in the 

rubber layer 20, such that the sheet 28 extends over the entire 
width of the belt 12, except for widthwise margin portions 20A of 
the rubber layer 20 (cf. Fig. 14B). 

[0137] In this belt 12, too, the tension canvas sheet 28 is 

stretched out in its lengthwise direction, and accordingly cannot 
be stretched any longer, when the rubber layer 20 is stretched in 
its lengthwise direction by a certain amount. Thus, the canvas 
sheet 28 also functions as a stopper which prevents the belt 12 
from being excessively stretched in its lengthwise direction. 
[0138] This belt 12 can be produced in the following 

manner: 

[0139] First, as shown in Fig. lOA, a mold 52 having a 

plurality of rounded projections 50 is used to vulcanize a lower 
layer 12*2 together with the canvas sheet 28. Then, as shown in 
Fig. lOB, an upper layer 12-1 is vulcanized with the lower layer 
12-2 so as to be integrated with the same 12-2. Thus, the belt 12 
can be easily produced. 

[0140] Figs. IIA, IIB, and IIC show another preferred 

embodiment of the present invention. This embodiment relates to 
a belt 12 which is basically similar to the belt shown Figs. 3A and 
3B and additionally includes a plurality of ridges 38 that are 
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provided on an upper surface of the belt 12; and a plurality of 
transverse rigid plates 54, each as a transverse rigid member, 
that are formed of, e.g., metal or resin and are fixedly attached to 
a lower surface of the belt 12 such that the rigid plates 54 extend 
over an entire width of the belt 12 and are provided at a regular 
interval of distance in a lengthwise direction of the belt 12. The 
rigid plates 54 provide a transverse rigidity of the belt 12. 
[0141] Thus, this belt 12 enjoys, in addition to the 
lengthwise stretchability, a transverse or widthwise rigidity 
owing to the transverse rigid plates 54. 

[0142] The transverse rigid plates 54 extend over the entire 

width of the belt 12. Therefore, in the case where widthwise 
opposite end portions of the belt 12 are supported by rollers 70, 
described later, the rigid plates 54 can effectively prevent a 
widthwise central portion of the belt 12 from curving downward 
or sagging. 

[0143] In addition, the rigid plates 54 can prevent the belt 

12 from contracting in its widthwise direction. 
[0144] The transverse rigid plates 54 may be provided on 

the lower surface of the belt shown in Figs. 3A and 3B, or may be 
provided on the lower surface of each of the other belts shown in 
the other figures. 

[0145] In the embodiment shown in Fig. IIA, the 

transverse rigid plates 54 are provided on the tension canvas 
sheet 28. However, as shown in Figs. 12A and 12B, the transverse 
rigid plates 54 may be directly provided on the lower surface of 
the rubber layer 20, and the canvas sheet 28 may be provided on 
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the rigid plates 54 such that the canvas sheet 28 fully covers the 
rigid plates 54. 

[0146] In the modified embodiment shown in Figs. 12A and 

12B, the canvas sheet 28 can effectively prevent the rigid plates 
54 from coming off the rubber layer 20 because of inappropriate 
vulcanization. 

[0147] In the embodiment shown in Fig. 12A, the tension 

canvas sheet 28 extends over the entire width of the belt 12. 
However, as shown in Figs. 13A and 13B, respective widthwise 
central portions of the transverse rigid plates 54 may be projected 
downward so as to remain exposed, and only respective widthwise 
opposite side portions of the rigid plates 54 may be covered with 
canvas sheets 28. 

[0148] In the modified embodiment shown in Fig. 13A, a 

belt-driving member or members can be easily attached to the 
widthwise central portion of the lower surface of the belt 12. 
[0149] Figs. 14A, 14B, and 14C show another preferred 

embodiment of the present invention. This embodiment relates to 
a belt 12 including a plurality of wires (transverse rigid members) 
56 which extend over a substantially entire width of the belt 12 
except for margin rubbers 20A. The wires 56 are provided in the 
form of a layer which is substantially continuous (however, fine 
gaps may be left among the wires 56) in the lengthwise direction 
of the belt 12. Thus, the wires 56 provides a widthwise or 
transverse rigidity of the belt 12. 

[0150] A number of wires 56 can be combined with one 

another, using rubber as a combining agent, so that the wires 56 
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are formed into a sheet or layer. The wire layer 56 is embedded in 
the rubber layer 20 of the belt 12. 

[0151] In this way, the wires 56 in the form of the layer can 

be easily embedded in the belt 12. 

[0152] This belt 12 has two wire layers 56 which are 

vertically spaced from each other by a predetermined distance. 
The two wire layers 56 can effectively improve the transverse 
rigidity of the belt 12, thereby increasing a load-supporting 
capability of the same 12. 

[0153] The belt 12 additionally includes a tension canvas 

sheet 28 which is embedded in the rubber layer 20 such that the 
canvas sheet 28 is repetitively bent in the lengthwise direction of 
the belt 12, like the canvas sheet 28 employed in the embodiment 
shown in Fig. 3A. 

[0154] Fig. 15 shows another preferred embodiment of the 

present invention. The present embodiment relates to a belt 12 
including, in only a thiclcnesswise intermediate and widthwise 
central portion of a rubber layer 20, a tension canvas sheet 28 
that is extended out in a lengthwise direction of the belt 12, i.e., 
has no curved or bent portions in that direction. Thus, the belt 12 
has no canvas sheet 28 in widthwise opposite side portions 
thereof, and accordingly the widthwise opposite side portions of 
the belt 12 are provided by respective portions of the rubber layer 
20. 

[0155] Therefore, this belt 12 has substantiaUy no 

lengthwise stretchabihty in its widthwise central portion, and has, 
owing to an elasticity of the rubber layer 20, a lengthwise 
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stretchability in its widthwise opposite side portions only. 

[0156] Thus, this belt 12 can be preferably used as the 

curved-path conveyor belt. 

[0157] Fig. 16 shows another preferred embodiment of the 

present invention. The present embodiment relates to a belt 12 
including an upper layer and a lower layer that are integrally 
formed with each other to provide a rubber layer 20; and a 
pluraHty of voids 34 which are provided in the rubber layer 20 
(i.e., in a thicknesswise intermediate portion of the layer 20) and 
each of which is gradually widened in respective directions from a 
widthwise central portion of the belt 12 toward widthwise 
opposite end portions of the same 12. 

[0158] Since each of the voids 34 is gradually widened in 

the directions toward the widthwise opposite end portions of the 
belt 12, the shape of the voids 34 increases a lengthwise 
stretchabihty of the belt 12 in the directions toward the 
widthwise opposite end portions of the belt 12. Thus, widthwise 
opposite side portions of the belt 12 have a higher lengthwise 
stretchabihty than a widthwise central portion of the same 12. 
[0159] This belt 12 is preferably used as the curved-path 

conveyor belt. However, since the belt 12 has a certain degree of 
lengthwise stretchability in its widthwise central portion, the belt 
12 can be used as the variable -speed conveyor belt. 
[0160] In addition, a radius of curvature of the belt 12 can 

be reduced. That is, the belt 12 can be moved along an acutely 
curved portion of the loop path. 

[0161] When the voids 34 of the belt 12 shown in Fig. ISA 
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are formed, round tapered bars 58 shown in Fig. 11 A or 
rectangular tapered bars 60 shown in Fig. 17B are used. More 
specifically described, first, the belt 12 is integrally formed with 
the tapered bars 58, 60 embedded therein, and then those bars 58, 
60 are puUed out of the belt 12. Thus, the belt 12 having the voids 
34 can be easily produced. 

[0162] Fig. 18 shows a modified form of the embodiment 

shown in Fig. 16A. This modified embodiment relates to a belt 12 
that does not have voids 34 in its widthwise central portion, i.e., 
has voids in its widthwise opposite side portions only, 
p [0163] This belt 12 has a higher lengthwise stretchabihty in 
p its widthwise opposite side portions than that in its widthwise 
III central portion. 

|S 

H [0164] Fig. 19 shows another embodiment of the present 

□ invention. 

O [0165] The present embodiment relates to a belt 12 which 

Q has, in its back surface, transverse rigid plates 54, Uke the belt 
shown in Fig. 11, and which is provided with a chain 62 as part of 
a drive member to drive the belt 12, such that the chain 62 is 
fixed to the back surface of the rigid plates 54 in a continuous 
fashion in the lengthwise direction of the belt 12. 
[0166] In the present embodiment, the chain 62 functions 

as a belt-reinforcing material that binds the widthwise central 
portion of the belt 12, such that the widthwise central portion is 
not stretchable in the lengthwise direction. Thus, in this 
embodiment, only the widthwise opposite side portions have a 
lengthwise stretchability. 
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[0167] Therefore, the belt 12 can be preferably used as the 

curved-path conveyor belt. 

[0168] The chain 62 may be fixed to the back surface of the 

transverse rigid plates 54 provided in the back surface of the belt 
12 shown in Fig. 3. However, the chain 62 may be provided on the 
back surface of each of the other belts 12 shown in the other 
figures. 

[0169] Figs. 20, 21A, 21B, 22A, 22B, 22C, 22D, and 23 show 

another preferred embodiment of the present invention. The 
present embodiment relates to a belt 12 having two arrays of 
tapered voids 34 in its widthwise opposite end portions, 
respectively, that are supported by rollers 70, respectively. The 
two arrays of tapered voids 34 are provided in a thicknesswise 
intermediate portion of the belt 12, such that each of one array of 
tapered voids 34 is widened in a direction toward a corresponding 
one of widthwise opposite ends of the belt 12 and each of the other 
array of tapered voids 34 is widened in a direction toward the 
other widthwise end of the same 12. In addition, the belt 12 
includes, on upper and lower sides of each array of tapered voids 
34, a pluraUty of wires 56 which extend in the widthwise direction 
of the belt 12 and which provide a transverse or widthwise 
rigidity of the same 12. As shown in Fig. 22B, in each of the 
widthwise opposite end portions of the belt 12, the wires 56 are 
provided in the form of two layers that extend in the lengthwise 
direction of the belt 12, such that, in each layer, the wires 56 are 
substantially continuous with each other (in fact, fine gaps are 
left among the wires 56). 
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[0170] As shown in Fig. 22B, a number of wires 56 are 

combined into a wire sheet 72, using rubber as a combining agent. 
Two wire sheets 72 and a rubber layer 20 are superposed on one 
another, and the belt 12 integrally including the wire sheets 72 is 
formed. 

[0171] In addition, the belt 12 includes a number of 

transverse rigid plates 54 that are provided, on a lower surface of 
the belt 12, between the widthwise opposite end portions of the 
belt 12, and extend in the widthwise direction of the belt 12 such 
that the transverse rigid plates 54 partly overlap respective end 
portions of the wires 56 in each of the widthwise opposite end 
portions. 

[0172] The transverse rigid plates 54 are provided at a 

regular interval of distance in the lengthwise direction of the belt 
12. 

[0173] As shown in Figs. 20, 21A, and 22C, the belt 12 has, 

on a widthwise inner side of each array of tapered voids 34 (i.e., at 
a position nearer than the each array of voids 34 to the widthwise 
central portion of the tape 12), an array of recesses 26 which are 
formed in a lower surface of a predetermined widthwise portion of 
the belt 12, and which are provided at a regular interval of 
distance in the lengthwise direction of the belt 12. Moreover, the 
belt 12 includes two tension canvas sheets 28 that are provided in 
the respective predetermined widthwise portions of the belt 12, in 
which the two arrays of recesses 26 are formed, and that cover the 
lower surfaces of the predetermined widthwise portions and the 
respective inner surfaces of those recesses 26. Thus, each of the 
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two tension canvas sheets 28 is iteratively curved and bent in the 
lengthwise direction of the belt 12. 

[0174] Thus, as shown in the figures, the widthwise central 

portion of the belt 12 that is located between the left-hand array 
of recesses 26 and canvas sheet 28 and the right-hand array of 
recesses 26 and canvas sheet 28, is basically provided by the 
rubber layer 20 only, except for the transverse rigid plates 54. 
[0175] This belt 12 does not have, in the respective lower 

surfaces of the widthwise opposite end portions of the belt 12 that 
^ are supported by the rollers 70, lower cuts 24b or recesses 26, and 

O has the voids 34 in the thicknesswise intermediate portion of the 
m belt 12 and additionally has the wire layers 56 below the voids 34. 
i| Thus, the belt 12 not only enjoys the improved lengthwise 
stretchability of the widthwise opposite end portions thereof but 
O also prevents the widthwise opposite end portions from producing 
^ large vertical vibrations or impacts when the belt 12 runs over the 
J rollers 70. Thus, the belt 12 can be smoothly moved over the 
rollers 70. 

[0176] In addition, since the wires 56 in the form of layers 

are provided below the voids 34, the rollers 70 can effectively 
support, in spite of the voids 34, the widthwise opposite end 
portions of the belt 12, thereby improving the load supporting 
capabihty of the same 12. 

[0177] Moreover, the belt 12 has, in the respective lower 

surfaces of the respective portions of the belt 12 that are 
widthwise nearer to the central portion of the belt 12 than the 
voids 34, the recesses 26 that extend in the widthwise direction of 
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the belt 12 and are provided at a regular interval of distance in 
the lengthwise direction of the belt 12. Thus, the stretchability of 
widthwise opposite side portions of the belt 12 is further 
enhanced. 

[0178] In addition, the widthwise central portion of the belt 

12 is basically provided by the rubber layer 20 only, except for the 
transverse rigid plates 54, and accordingly the central portion of 
the belt 12 can be stretched in the lengthwise direction thereof 
owing to the elasticity of the rubber. 

[0179] The stretchability of the widthwise central portion of 

the belt 12 can enhance the stretchabihty or contractibility of the 
widthwise end portions of the belt 12. Therefore, even in the case 
where the loop path is considerably sharply curved, the belt 12 
can adequately follow the loop. 

[0180] Figs. 24A and 24B show another preferred 

embodiment of the present invention. 

[0181] This embodiment relates to a belt 12 which has, in 

its thicknesswise intermediate portion, a plurality of voids 34 that 
extend in a widthwise direction of the belt 12 and are provided at 
a regular interval of distance in a lengthwise direction of the belt 
12. 

[0182] The voids 34 may be formed through the belt 12 in 

its widthwise direction, i.e., respective widthwise opposite ends of 
the voids 34 may be open. Alternatively, the widthwise opposite 
ends of the voids 34 may be closed. 

[0183] In addition, the belt 12 has, in its thicknesswise 

intermediate portion, a plurality of pairs of transverse rigid plates 
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54 that extend in the widthwise direction of the belt 12 and are 
provided at a regular interval of distance in the lengthwise 
direction of the belt 12 such that the pairs of rigid plates 54 are 
alternate with the voids 34 and each pair of rigid plates 54 are 
partly exposed to the two voids 34 adjacent thereto. The two rigid 
plates 54 of each pair are superposed on each other. 
[0184] This belt 12 is produced in a method illustrated in 

Figs. 25A, 25B, and 25C. First, an upper layer 12-1 including 
upper transverse rigid plates 54, and a lower layer 12-2 including 
lower transverse rigid plates 54 are formed separately from each 
other, and then the upper and lower layers 12-1, 12-2 are fixed to 
each other such that the upper rigid plates (metal members) 54 
are superposed on the lower rigid plates (metal members) 54, 
respectively. Thus, the integral belt 12 is produced. 
[0185] Each of the upper layer 12-1 and the lower layer 12- 

2 is integrally formed over its entire width. 

[0186] The upper layer 12-1 has, in its lower surface, 

respective upper half portions 34-1 of a plurality of voids 34 each 
having a vertically elongate, eUiptic cross section? and the lower 
layer 12-2 has, in its upper surface, respective lower half portions 
34-2 of the voids 34. The upper and lower layers 12-1, 12-2 are 
superposed on, and fixed to, each other to provide the integral belt 
12 having, in its thicknesswise intermediate portion, the elliptic 
voids 34. 

[0187] The upper and lower layers 12-1, 12-2 are fixed to 

each other in various manners. For example, respective exposed, 
widthwise opposite ends of each pair of upper and lower 
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transverse rigid plates 54 that are metallic members are welded 
to each other. Alternatively, each pair of upper and lower 
transverse rigid plates 54 are fixed, with an adhesive, to each 
other. Otherwise, as shown in an enlarged view of a portion of the 
belt 12, included in Fig. 24A, holes 74 are formed by removing 
respective small portions of the rubber layer 20 of the lower layer 
12-2, and each pair of upper and lower transverse rigid plates 54 
are fastened to each other with a bolt 76. 

[0188] According to this method, the belt 12 having the 

voids 34 in its thicknesswise intermediate portion can be easily 
produced. 

[0189] This belt 12 does not have unevenness in the 

respective lower surfaces of its widthwise opposite end portions. 
Therefore, in the case where the widthwise opposite end portions 
of the belt 12 are supported on the rollers 70 shown in Fig. 20, the 
belt 12 can smoothly run on the roUers 70. 

[0190] While the present invention has been described in its 

preferred embodiments, the present invention may otherwise be 
embodied. 

[0191] For example, it is possible to produce a belt 12 

including a canvas sheet that is woven by using transverse rigid 
members such as wires. In addition, the principle of the present 
invention is applicable to other conveyor belts than the pedestrian 
or person conveyor belt. That is, it is to be understood that the 
present invention may be embodied with other changes that may 
occur to a person skilled in the art without departing from the 
spirit and scope of the invention defined in the appended claims. 



